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SYSTEM, METHOD AND APPARATUS FOR
PROVIDING VARIABLE RATE

APPLICATION OF APPLICANTS TO
DISCRETE FIELD LOCATIONS

RELATED APPLICATIONS

The present application claims priority to U.S. Provisional
Application No. 62/867,338 filed Jun. 27, 2019.

BACKGROUND AND FIELD OF THE PR
INVENTION

L1
p

ENT

Field of the Present Invention

The present invention relates generally to irrigation
machines and, more particularly, to a system, method and
apparatus for collecting precise, near real-time data, creating
recommendations and applying targeted applicants to
selected field locations.

Background of the Invention

Modern field irrigation machines are combinations of
drive systems and sprinkler systems. Generally, these sys-
tems are divided into two types depending on the type of
travel they are designed to execute: center pivot and/or
linear.

Regardless of being center pivot or linear, common 1rri-
gation machines most often include an overhead sprinkler
irrigation system consisting ol several segments ol pipe
(usually galvanized steel or aluminum) joined together and
supported by trusses, mounted on wheeled towers with
sprinklers positioned along 1ts length. These machines move
in a circular pattern (if center pivot) or linear and are fed
with water from an outside source (1.e. a well or water line).
The essential function of an 1rrigation machine 1s to apply an
applicant or other solution) to a given location.

Traditionally, growers will map a field using field scout-
ing, satellite, unmanned aerial vehicle (UAV) and/or micro
air vehicle (MAV) images. Then the grower or a third party
will analyze the data and create a prescription for an entire
ficld. However, present systems are limited to providing a
single prescription for each area of a given field. Addition-
ally, present systems require multiple passes over a field to
collect information and apply applicants. For operators,
these systems are often imprecise and wasteful since they
cannot work in real-time. Additionally, they require addi-
tional fuel to apply each applicant 1n a different pass. Often,
these system require operators to over-apply applicants
rather than properly targeting a correct applicant to a correct
field location.

In order to overcome the limitations of the prior art, a
system 1s needed which 1s able to effectively apply chemi-
cals utilizing 1rrigation machines without compromising the
ability of the wrrigation machines to apply 1rrigation water
cllectively and efliciently. Further needed 1s a system
capable of integrating both a mobile data collection systems
and a mobile precision product delivery system.

SUMMARY OF THE DISCLOSURE

To mimimize the limitations found 1n the prior art, and to
mimmize other limitations that will be apparent upon the
reading of the specifications, the present mvention provides
a system, method and apparatus for providing variable rate
application of applicants to discrete field locations.
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According to a first preferred embodiment, the present
invention includes a control device having software modules
to allow for the execution of irnigation and chemical spray
patterns according to specific prescriptions for each crop
being sprayed. According to further preferred embodiments,
the control device may use data from a variety of image
sensors to create a selective, variable rate application of
applicants. Using the imaging data, the system of the present
invention may use a primary application system to broadly
deliver a first selected applicant (e.g. water or the like) and
use a separate system deliver targeted applicants for specific
plants or areas of a given field.

According to further preferred embodiments, the control
device of the present mmvention may specifically control
groups and/or individual emitters as required for each appli-
cation. Accordingly, the control device 121 may instruct
clements (1.e. valves, pumps, regulators) to provide a given
applicant to a specific area of a given field based on an
optically recognized plant condition (e.g. an infestation,
disease, poor health). Preferably, the system of the present
invention may allow general water wrrigation for an entire
field while simultaneously spot treating areas of need based
on detected conditions as discussed further below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary irrigation system in accor-
dance with a first preferred embodiment of the present
invention.

FIG. 2 shows an exemplary control system in accordance
with a first preferred embodiment of the present invention.

FIG. 3 shows a front view of an improved 1rrigation span
assembly 1n accordance with a preferred embodiment of the
present invention.

FIG. 4 shows a side view of the improved 1rrigation span
assembly shown in FIG. 3.

FIG. 5 shows a top-down view of the improved 1rrigation
span assembly shown 1n FIG. 3.

FIG. 6 shows a perspective view of the crop product
conduit assembly of the present invention.

FIG. 7 shows a side, perspective view of the crop product
conduit assembly shown in FIG. 6.

FIG. 8 shows a perspective view of the crop product
conduit assembly of the present invention.

FIG. 9 shows a side, perspective view of the crop product
conduit assembly shown in FIG. 8.

FIG. 10 shows a top-down view of the improved 1rrigation
span assembly shown in FIG. 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference 1s now made 1n detail to the exemplary embodi-
ments of the present invention, examples of which are
illustrated 1n the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts. The descrip-
tions, embodiments and figures are not to be taken as
limiting the scope of the claims. It should also be understood
that throughout this disclosure, unless logically required to
be otherwise, where a process or method 1s shown or
described, the steps of the method may be performed 1n any
order, repetitively, iteratively or simultaneously. As used
throughout this application, the word “may” 1s used in a
permissive sense (1.e., meaning “having the potential to’),
rather than the mandatory sense (1.e. meamng “must”).
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Additionally, any examples or illustrations given herein
are not to be regarded 1n any way as restrictions on, limits
to, or express definitions of, any term or terms with which
they are utilized. Instead, these examples or 1llustrations are
to be regarded as 1llustrative only. Those of ordinary skill in
the art will appreciate that any term or terms with which
these examples or illustrations are utilized will encompass
other embodiments which may or may not be given there-
with or elsewhere 1n the specification and all such embodi-
ments are itended to be included within the scope of that
terra or terms.

The terms “program,” “computer program,” “‘software
application,” “module” and the like as used herein, are
defined as a sequence of instructions designed for execution
on a computer system. A program, computer program,
module or software application may include a subroutine, a
function, a procedure, an Object implementation, an execut-
able application, an apple t, a servlet, a source code, an
object code, a shared library, a dynamic link library and/or
other sequence of nstructions designed for execution on a
computer system. A data storage means, as defined herein,
includes many different types of computer readable media
that allow a computer to read data therefrom including
volatile storage such a RAM, buflers, cache memory, and
signals within network circuits.

Aspects of the systems and methods described herein may
be implemented as functionality programmed into any of a
variety ol circuitry, including programmable logic devices
(PLDs), microcontrollers with memory, embedded micro-
processors, firmware, software, etc. Furthermore, aspects of
the systems and methods may be embodied in microproces-
sors having software-based circuit emulation, discrete logic
(sequential and combinatoral), custom devices, fuzzy (neu-
tral network) logic, quantum devices, and hybrids of any of
the above device types. Additionally, the functions of the
disclosed embodiments may be implemented on one com-
puter or shared/distributed among two or more computers in
or across a network or a cloud.

Communications between computers 1mplementing
embodiments may be accomplished using any electronic,
optical, radio frequency signals, or other suitable methods
and tools of communication 1n compliance with known
network protocols. For example, the present invention may
include an RF module for recerving and transmitting elec-
tromagnetic waves, implementing the conversion between
clectromagnetic waves and electronic signals, and commu-
nicating with the communication network or other devices.
The RF module may include a variety of existing circuit
clements, which perform functions, such as antennas, RF
transceivers, digital signal processors, encryption/decryp-
tion chips, the subscriber identity module (SIM) card,
memory, etc. The RF module can communicate with a
variety of networks such as the Internet, intranets, wireless
network and communicate to other devices via wireless
network.

FIGS. 1-10 1illustrate various configurations of irrigation
systems which may be used with example implementations
of the present invention. As should be understood, the
irrigation systems shown in FIGS. 1-10 are exemplary
systems onto which the features of the present invention
may be mtegrated. Accordingly, FIGS. 1-10 are intended to
be purely illustrative and any of a varniety of systems (1.¢.
fixed systems as well as linear and center pivot self-pro-
pelled 1rrigation systems; stationary systems; corner sys-
tems) may be used with the present invention without
limitation. For example, although FIG. 1 1s shown as a
center pivot wrrigation system, the exemplary 1rrigation sys-

2 e = B Y 4

5

10

15

20

25

30

35

40

45

50

55

60

65

4

tem 100 of the present invention may also be implemented
as a linear 1rrigation system. The example irrigation system
100 15 not intended to limit or define the scope of the present
invention 1 any way.

With reference now to FIG. 1, an exemplary 1rrigation
machine 100 of the present invention preferably may include
a main span 104, a center pivot structure 102 and supporting
drive towers 108, 110. The exemplary irrigation machine
100 may also include a corner span 106 attached at a
connection point 112. The corner span 106 may be supported
and moved by a steerable drive unit 114. The comer span
106 may include a boom 116 and an end gun (not shown)
and/or other sprayers. Additionally, a position sensor 118 1s
preferably provided to provide positional and angular ori-
entation data for the system as discussed further below.
Further, a central control panel 120 1s provided for enclosing
on-board computer elements such as elements of the exem-
plary control device 121 discussed below. The control panel
120 may also be linked to a transceiver for transmitting and
receiving data between system elements, device/internet
clouds 103, remote servers 105 and/or the like.

With reference now to FIG. 2, an exemplary control
device 121 which represents functionality to control one or
more operational aspects of the 1rrigation system 100 wall
now be discussed. As shown, the exemplary control device
121 may include a processor 122, a memory 126 and a
network interface 124. The processor 122 may provide
processing functionality for the control device 121 and may
include any number of processors, micro-controllers, or
other processing systems. The processor 122 may execute
and the memory may store one or more soltware programs,
as well as other data, to allow the processor 122 and other
clements of the control device 121 to implement techniques
described herein. The memory 126 may further provide
storage for sets of instructions and modules such as, for
example, a vanable rate mrrigation (VIII) module 128 to
calculate and control the timing and disbursement of appli-
cants through the 1rrigation system. The memory 126 may
also include an 1rrigation positioning module 132 or the like
to provide mapping and positional data to the system. The
control device 121 may also include a network interface 124
or the like to enable the control device 121 to communicate
with one or more networks 134 through a variety of com-
ponents both internal and external to the irrigation machine.
Preferably, the system includes one or more location detec-
tion devices 136 (e.g. GPS, LORAN, or the like) to provide
location data. The system also preferably includes a valve
and nozzle control/feedback system 130 to allow for control
of 1rrigation elements and multiple inputs/outputs to receive
data from sensors 138 and monitoring devices as discussed
turther below.

With reference now to FIGS. 3-4, an enlarged view of an
exemplary span 140 of the present invention 1s shown. As
shown, an exemplary span 140 of the present invention
preferably includes a main 1rrigation conduit 142 supported
by groups of mrrigation support trusses 146. The main
irrigation conduit 142 as shown includes a group of main
irrigation sprinklers 144. As further shown, the exemplary
span 140 also includes a separate crop product conduit 148
with one or more crop product sprayers 150 as well as image
sensors 152 positioned on a front edge of the span 140.

According to preferred embodiments, the sensors 152 of
the present invention may include imaging sensors to allow
for the detection of crop type, stage of grown, health,
presence of disease, rate of growth and the like. Still further,
the system may include soil or plant sensors (not shown).
Each sensor 152 may also include or interface with a
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wireless transmitter/transceiver for receiving and transmit-
ting signals between each sensor 152 and the control panel
120 and/or control device 121. According to alternative
preferred embodiments, the system may also use a power
line carrier system or separate wired network to transmuit
signals between system elements. As shown 1n FIGS. 4-7,
the 1maging sensors 132 may be secured to the truss rods
145. Alternatively, the imaging sensors 152 may be attached
to portions of the 1rrigation support truss system 146 to the
irrigation conduit 142 or to any other structural component
on the 1rrigation span.

According to an alternative preferred embodiment, the
crop product sprayers 150 may be sprayers which include
individually controllable valves (not shown) which are oper-
able to provide exact amounts of a given applicant 1n
response to a transmitted treatment prescription. As shown,
the crop product sprayers 150 may be in fluud communica-
tion with a dedicated crop product conduit 148. The product
(s) being applied by the crop product sprayers 150 may
include any range of 1rrigation, fertigation or chemigation
products. The sprayers 1350 preferably further include
nozzles 156 sized for specific applications.

According to preferred embodiments, the crop product
conduit 148 may preferably be able to receive water, chemi-
cals and other applicants under pressure from a variety of
tanks (or reservoirs) via individual injection pumps and
control valves. Preferably, the pumps and valves may be
selectively controlled to control the input of applicants 1nto
the crop product conduit 148 and into each crop product
sprayer 150 and/or mobile applicator 162. Preferably, the
valves may be non-return valves, reduced pressure backtlow
preventers or the like and may include solenoids to allow for
the individual control of each valve. As further shown, an
exemplary irrigation system 40 may include combinations of
transducers and control valves to monitor and control appli-
cant pressures and flow rates delivered to each crop product
sprayer 150 and/or mobile applicator 162. According to
preferred embodiments, the valves and/or solenoids used for
flow rate may be controlled by a control system which may
transmit signals via pulse width modulation (PWM) TCP/IP,
UDP or a similar signal transmission technique either wired
or wirelessly. The system may further include a cleaning
system to flush the crop product conduit 148 and sprayer 150
and/or mobile applicator 162. According to further preferred
embodiments, the crop product conduit 148 and sprayer 150
and/or mobile applicator 162 may be formed of materials
which are resistant to chemical and UV exposure.

As shown 1n FIG. 4, the main irrigation conduit 142 may
be attached and/or located together with the crop product
conduit 148. The crop product sprayers 150 may also
include valves and nozzles 156 which may be controlled
independently from the main applicant nozzles 158. For
illustration, FIGS. 6 and 7 provide views of the exemplary
irrigation span 140 with only the crop product conduit 148,
sprayers 150, and image sensors 152 shown. For the sake of
clanty, selected elements such as additional water, control
and power lines are not shown.

Referring now to FIGS. 3-5, an exemplary method of
operation shall now be discussed. In operation, the image
sensors 152 of the present invention may preferably be
located on a leading edge of a given span to scan areas 1n the
direction of travel. As discussed above, the 1mage sensors
152 are preferably calibrated to detect specific field condi-
tions, crop conditions, crop health and the like. According to
alternative preferred embodiments, the image sensors 152
may be 1n fixed positions or may be movable to scan areas
ol interest as discussed further below.
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The data collected by the image sensors 152 may be
processed by an on-board computer located within the
sensor 152 1tself, the control box 120 and/or transmitted to
a remote device/interest cloud 103, remote server 105 or the
like as discussed above. Preferably, the data may be pro-
cessed to determine specific needs and prescription recoms-
mendations for each scanned area. According to a preferred
embodiment, the analysis of the image data may include
identification of weeds, insects, diseases, nutrient deficien-
cies and crop growth stages/rates at specific locations 1n a
given lield. Thereafter, the resulting prescriptions/watering
recommendations derived from the image data may prefer-
ably be received and processed for execution by the crop
product sprayers 150 mounted on the irrigation assembly.
Preferably, the execution of a given prescription by the crop
product sprayers 150 may occur simultaneously with the
execution of an overall prescription/watering plan by the
primary 1irrigation system (e.g. the main conduit 142, 1rri-
gation sprinklers 144) or may occur independently (particu-
larly 1if no additional water 1s required by the crop).

According to a first preferred embodiment, the crop
product sprayers 150 are preferably separate from the main
irrigation conduit 142 and main 1rrigation sprinklers 144. In
this way, the crop product sprayers 150 may preferably
operate to provide targeted concentrations of crop treatments
to selected areas of a given field while the primary irrigation
system applies a full treatment to a larger area of the field.
According to an alternative preferred embodiment, the con-
trol device 121 of the present invention may receive imaging
data during the execution of a prescription/watering plan by
the primary 1rrigation system. The control device 121 may
then simultaneously (1.e. in real or near-real time) instruct/
control the crop product irrigation system (e.g. the crop
product conduit 148 and crop product sprayers 150) to create
and/or execute the disbursement of an applicant to a target
area based on the recerved image data.

According to a further preferred embodiment, the control
device 121 may also use the imaging data (or other 1inputs)
to make continual adjustments to the overall prescription/
watering plan while also adjusting/executing the targeted
disbursement of applicants via the crop product irrigation
system. The control device 121 may further analyze the
targeted disbursement plan of the crop product irrigation
system to create an adjustment in the amount of primary
applicant applied to a given areca. For example, 1f the
imaging sensors 152 detect the presence of a plant disease
(1.e. brown patch) which requires a supplemental applicant
(1.e. grub killer), the system may preferably create and
execute a targeted prescription plan to apply a supplemental
applicant to the targeted area via the crop product irrigation
system to treat the detected disease. At the same time, the
system ay adjust the primary 1rrigation system to reduce or
increase the amount of the primary applicant applied to
enhance the eflectiveness of the supplemental applicant.

With reference now to FIGS. 8-10, as mentioned above
the crop product sprayers 150 may be replaced by or used 1n
addition to mobile applicators 162. As shown, exemplary
mobile applicators 162 may include dedicated sprayers 165
and nozzles to selectively apply applicants to selected areas
of a given filed. Preferably, the mobile applicators 162 may
be arranged to spray over selected distances along the length
of the crop product conduit 148 to reduce the needed travel
distance and i1mprove reaction times during irrigation.
According to a preferred embodiment, the movement and
speed of the mobile sprayers 162 along the length of the crop
product conduit 148 may be determined and adjusted based
on the detected travel speed of the 1rrigation system and/or
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the position of the sensor along the pipeline to ensure
uniform data collection and uniform product application.

As shown 1n FIGS. 9 and 10, the mobile applicators 162
may run within a track 168 secured on or near the crop
product conduit 148. As shown in FIG. 8, the mobile
applicators 162 are preferably 1n fluid communication with
the crop product conduit 148 via dedicated supply lines 167
or the like. The dedicated supply lines 167 are preferably of
suilicient length and/or tlexibility to allow the mobile appli-
cators 162 to travel over a given lateral distance. The mobile
applicators 162 may preferably each include an applicator
165 and a controllable/adjustable nozzle 171 for applying
applicants to target areas of a given field.

According to further aspects of the present invention, the
mobile applicators 162 may further be 1n data communica-
tions with the main irrigation controller and/or other systems
of the main watering system. Additionally, the mobile appli-
cators 162 may adjust the concentrations of applied chemi-
cals based on various VRI application parameters (e.g.
historic and scheduled water application rates, irrigation
machine speeds, flow rates, water pressures etc.) for each
plant area/plant/row/irrigation zone of a given field. Further,
the mobile applicators 162 may communicate with the
irrigation control systems (controllers) to increase or reduce
water application rates for selected, target locations (e.g.
treated plant areas/rows/irrigation zones) in coordination
with targeted chemical applications.

According to further aspects of the present invention, the
system of the present invention may preferably further store
location data for any diseased location along with any
chemical treatments applied and any data regarding watering
adjustments made for the location. On later watering appli-
cations for the same target location(s), the irrigation system
may prelerably increase/decrease the watering rate and/or
chemical application concentrations to adjust for any
reduced or increased water application rates made to the
same location.

The scope of the present invention should be determined
not by the embodiments illustrated, but by the appended
claims and their legal equivalents.

What 1s claimed 1s:

1. A system for providing variable rate application of
applicants to discrete field locations, the system comprising:

an 1mage sensor, wherein the 1image sensor 1s configured
to produce crop 1mage data;

a chemical application system, wherein the chemical
application system 1s comprised of a main chemical
conduit, a plurality of chemical sprayer pipes, a plu-
rality of chemical sprayer valves and a plurality of
chemical sprayer nozzles;

a water delivery system, wherein the water delivery
system 1s comprised of a primary conduit, a plurality of
water pipes, a plurality of water sprayer valves and a
plurality of water sprayer nozzles; and

a controller; wherein the controller 1s comprised of a
plurality of modules for controlling the chemical appli-
cation system and the water delivery system; wherein
the controller 1s configured to receive the crop 1mage
data; further wherein the controller 1s configured to
execute a first variable rate mrrigation (VRI) prescrip-
tion plan by directing a first applicant through the water
delivery system; further wherein the controller 1s con-
figured to create a second VRI prescription plan for
applying a second applicant to selected areas of the
given lield via the chemical application system based
on analysis of the received crop image data; wherein
the controller 1s configured to execute the second VRI
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prescription plan simultaneously with the execution of
the first VRI prescription plan.

2. The system of claim 1, wherein the controller 1s
configured to create the second VRI prescription plan based
at least 1n part on analysis of the crop image data indicating
a detection of a crop type.

3. The system of claim 2, wherein the controller 1s
configured to create the second VRI prescription plan based
at least 1n part on analysis of the crop 1mage data indicating
a stage ol grown for the crop.

4. The system of claim 3, wherein the controller 1s
configured to create the second VRI prescription plan based
at least 1n part on analysis of the crop image data indicating
the presence of disease.

5. The system of claim 4, wherein the controller 1s
configured to create the second VRI prescription plan based
at least 1n part on analysis of the crop 1mage data indicating
a rate of growth.

6. The system of claim 5, wherein the system comprises
a so1l sensor.

7. The system of claim 6, wherein the system comprises
a wireless transcerver configured to transmit and receive
signals between the 1image sensor and the controller.

8. The system of claim 7, wherein the 1mage sensor 1s
movably secured to an irrigation span.

9. The system of claim 8, wherein at least a first chemical
sprayer valve 1s individually controllable; wherein the con-
troller 1s configured to open and close the first chemical
sprayer valve to apply a first prescribed amount of a chemi-
cal applicant 1n response to the first VRI prescription plan.

10. The system of claim 9, wherein the controller 1s
configured to open and close the first chemical sprayer valve
to apply a second prescribed amount of the chemical appli-
cant 1n response to the second VRI prescription plan.

11. The system of claim 10, wherein, the image sensor 1s
movable between a first position and second position.

12. The system of claim 11, wherein the 1mage sensor has
a first rate of movement based on a first speed of the
irrigation system; wherein the image sensor has a second
rate of movement based on a second speed of the 1rrigation
system; wherein the first rate of movement 1s faster than the
second rate ol movement.

13. The system of claim 12, wherein the 1image sensor 1s
configured to move at a third rate of speed based on a first
set of 1mage data detected by the 1mage sensor; wherein the
image sensor 1s configured to move at fourth rate of speed
based on a second set of 1image data detected by the image
sensor; wherein the third rate of speed i1s slower than the
fourth rate of speed.

14. The system of claim 13, wherein the system comprises
a system cleaning valve; wherein the system cleaning valve
1s movable between a {irst closed position and a second open
position; wherein the system cleaning valve restricts the
flow of water 1nto the chemical application system when 1n
the first closed position.

15. The system of claim 14, wherein the 1image sensor
comprises an i1mage sensor housing; wherein the image
sensor housing encloses a wireless transceiver; wherein the
image sensor 1s configured to transmit image data to a
remote location.

16. An 1rrigation system for providing applicants to dis-
crete field locations, the 1rrigation system comprising:

a chemical application system comprising: a main chemi-

cal conduit; a plurality of chemical sprayer tubes; and
a plurality of mobile application sprayers;
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wherein at least a first mobile application sprayer 1s 1n
fluid communication with at least a first chemical
sprayer tube;

wherein the first application sprayer comprises: a sprayer;
an 1maging system, a motor system and an application
sprayer controller;

wherein the first mobile application sprayer 1s movably
attached to a first truss element;

wherein the first mobile application sprayer 1s configured
to move laterally across a length of an 1rrigation span;
and
a water delivery system, wherein the water delivery
system 1s comprised of a main 1rrigation controller.
17. The system of claim 16, wherein the application
sprayer controller of the first application sprayer 1s config-
ured to receive i1mage data from the imaging system;
wherein the application sprayer controller 1s configured to
identify a first diseased location on a plant.
18. The system of claim 17, wherein the application
sprayer controller 1s configured to move the sprayer into a
location to spray the first diseased location.
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19. The system of claim 18, wherein the first application
sprayer 1s configured to spray a chemical applicant onto the
first diseased location.

20. The system of claim 19, wherein the application
sprayer controller 1s configured to receive a water applica-
tion rate from the main 1rrigation controller.

21. The system of claim 20, wherein the first application
sprayer 1s configured to adjust the concentration level of the
chemical applicant based at least in part on the water
application rate.

22. The system of claim 21, wherein the irrigation system
1s configured to reduce the water application rate for the first
diseased location selected for treatment by the first applica-
tion sprayer.

23. The system of claim 21, wherein the 1rrigation system
comprises a memory for storing a first location of at least the
first diseased location; wherein the application sprayer con-
troller 1s configured to recall the first location to determine
at least 1n part a concentration level of a later chemical

20 application.
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